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(0001) Method and device for the homogeneous heating of 
glass and/or glass-ceramic articles using infrared radiation 

(0002) The invention relates to a process for the 
homogeneous heating of semi-transparent and/or transparent 
glass articles and/or of glass-ceramic articles with the aid 
of infrared radiation, whereby the glass articles and/or the 
glass-ceramic articles undergo a heat treatment in the range 
from 20°C to 3000°C, as well as to a device for the homogeneous 
heating of translucent and/or transparent glass articles 
and/or glass-ceramic. 

(0003) Semi-transparent or transparent glass and/or 
glass- ceramics, for the setting-in of certain material 
properties, for example ceramization, are heated mostly to 
temperatures which lie preferably over the lower cooling point 
(viscosity n = 10 14 - 5 dPas) . In form-giving processes, 
especially hot after-processing (Heissnachverarbeitung) , the 
semi-transparent or transparent glass and/or the glass-ceramic 
material is heated up to the processing point (viscosity f\ = 
10 4 dPas) or beyond that. Typical lower cooling points can 
amount, depending on the type of glass, to between 282°C and 
790°C, and typically the processing point can be up to 1705°C. 

(0004) Hitherto according to the state of the art semi- 
transparent or transparent glasses and/or glass-ceramics, for 
example for ceramization, were heated preferably with surface 
heating. As surface heating there are designated processes in 
which at least 50% of the total heat output of the heat source 
is introduced into the surface or surface-near layers of the 
object to be heated. 

(0005) If the radiation source is black or gray and if 
it has a color temperature of 1500 K, then the source radiates 
off 51% of the total radiation output in a wavelength range 
above 2.7 urn. If the color temperature is less than 1500 K, 
as in most electric resistance heating elements, then 



substantially more than 51% of the radiation output is given 
off above 2.7 urn. 

(0006) Since most glasses in this wavelength range have 
an absorption edge (Absorptionskante) , 50% or more of the 
radiation output is absorbed by the surface or in surface-near 
layers. It is possible, therefore, to speak of surface 
heating. Another possibility lies in heating glass and glass- 
ceramics with a gas flame, in which typical flame temperatures 
lie at 1000°C. Such a heating occurs mainly by direct transfer 
of the thermal energy of the hot gas onto the surface of the 
glass or of the glass-ceramic, so that here it is possible to 
proceed from a predominantly surface / superficial / heating. 

(0007) In general with the earlier described surface 
heating the surface or surface-near layers are heated in the 
parts of the glass or of the glass-ceramic that lie opposite 
the heating source. The remaining glass volume or glass- 
ceramic volume must accordingly be heated up correspondingly 
by heat conduction within the glass or the glass-ceramic 
material . 

(0008) Since glass or glass-ceramic material has as a 
rule a very low heat conductivity in the range of 1 W (m K) , 
glass or glass-ceramic material must be heated up more and 
more slowly in order to keep tensions in the glass or glass- 
ceramics low. 

(0009) A further disadvantage of known systems is that, 
in order to achieve a homogeneous heating-up of the surface, 
the surface of the glass or of the glass-ceramic material must 
be covered as completely as possible with heating elements. 
Limits are placed there on conventional heating processes. 
With electrical heating resistances made of Kanthal wire 
(Kanthaldrahen) , as they are preferably used, at 1000°C, for 
example, only a wall load of maximally 60 kW/m 2 is possible, 
while a full-surfaced (or holohedral) black radiator of the 



same temperature could irradiate an output density of 149 kW/m 2 . 

(0010) With a denser packing of the heating elements to 
be equated with a higher wall load, these would heat 
themselves up reciprocally, which through the resulting heat 
accumulation (Warmestau) would involve an extreme shortening 
of the useful life of the heating elements. 

(0011) When a homogeneous heating-up of the glass or of 
the glass-ceramic is not achieved or is only inadequately 
successful, then this unfailingly results in inhomogeneit ies 
in the process and/or in the product quality. For example, 
any irregularity in the process conducting, in the 
ceramization process of glass-ceramics leads to a cambering 
(Durchbiegen) or bursting of the glass-ceramic article. 

(0012) From DE 42 02 944 C2 there has become known a 
process and a device comprising IR radiators for the rapid 
heating of materials which have a high absorption above 2500 
nm. In order to rapidly introduce, into the material, the 
heat given off from the IR radiators, DE 42 02 944 C2 proposes 
the use of a radiation converter from which secondary 
radiation is emitted with a wavelength range which is shifted 
into the long-wave direction with respect to the primary 
radiation . 

(0013) A heating of transparent glass homogeneous in 
depth with use of short-wave IR radiators is described in US- 
A-3620706. The process according to US-A-3620706 is based on 
the principle that the absorption length of the radiation used 
in glass is very much greater than the dimensions of the glass 
object to be heated, so that the major part of the impinging 
radiation is lest through by the glass and the absorbed energy 
per volume is nearly equal at every point of the glass body. 
What is disadvantageous in this process, however, is that no 
homogeneous irradiation over the surface of the glass objects 
is ensured, so that the intensity distribution of the IR 
radiation source is depicted on the glass to be heated. 



Moreover, in this process only a small part of the electric 
energy used is utilized for the heating of the glass. 

(0014) The problem of the invention, therefore, is to 
give a process and a device for the homogeneous heating-up of 
semi-transparent or transparent glass and glass-ceramic 
articles, with which the aforementioned disadvantages are 
overcome . 

(0015) According to the invention the problem is solved 
by the means that in a generic process the heating of the 
semi-transparent and/or transparent glass or glass-ceramic 
material is achieved by a component of infrared radiation 
acting directly on the glass and/or glass-ceramic material as 
well as a component of infrared radiation acting indirectly on 
the glass and/or glass-ceramic material, the share of the 
radiation acting indirectly on the glass or the glass-ceramic 
material being more than 50%, preferably more than 60%, 
preferably more than 70%, especially preferably more than 80%, 
especially preferably more than 90%, in particular more than 
98% of the total radiation output. 

(0016) It is preferred if the infrared radiation is 
short-wave infrared radiation with a color temperature greater 
than 1500 K, especially preferably greater than 2000 K, most 
preferably greater than 2400 K, especially greater than 2700 
K, especially preferably greater than 3000 K. 

(0017) In a first form of execution of the invention it 
is provided that the infrared radiation acting indirectly on 
the glass and/or glass-ceramic material comprises at least a 
component of reflected and/or scattered, especially diffusely 
scattered, radiation. Advantageously the component of the 
short-wave infrared radiation that is not absorbed by the 
glass or glass-ceramic material in the one-time impinging, 
i.e., reflected, scattered or let through, is on the average 



more than 50% of the total radiation output given off by the 
IR radiators. 

(0018) If, for example, it is desired to cool slowly or 
heat rapidly, then in an advantageous execution of the 
invention it is provided that the process is carried out in an 
enclosed space, preferably an IR radiation hollow space. In 
an especially advantageous execution of such a process it is 
provided that the reflected and/or scattered infrared 
radiation is reflected and/or scattered by at least a part of 
the wall, base and/or cover surfaces. IR radiation hollow 
spaces are shown for example in US-A-4789771 as well as EP-A-0 
133 847, the disclosure content of which is fully taken into 
account in the present application. Preferably the component 
of the infrared radiation reflected and/or scattered from the 
part of the wall, base and/or cover surfaces amounts to more 
than 50% of the radiation impinging on these surfaces. 

(0019) It is especially preferred if the component of 
the infrared radiation reflected and/or scattered from the 
part of the wall, base and/or cover surfaces amounts to more 
than 90%, respectively 95%, in particular more than 98%. 

(0020) A special advantage of using an IR radiation 
hollow space is, further, that with use of very strongly 
reflecting or back-scattering wall, base and/or cover 
materials it is a matter of a resonator of high Q quality, 
which is affected with only slight losses and, therefore, 
ensures a high utilization of energy. 

(0021) In an alternative development of the invention it 
is provided that the infrared radiation acting indirectly on 
the glass and/or glass-ceramic materials comprises a component 
of infrared radiation which is absorbed by a carrier body, 
transformed into heat and is given off onto the glass and/or 
the glass-ceramic material thermally bound with the carrier 
body. 



(0022) In a first development of this alternative it is 
provided that as carrier body ceramic plates are used. 

(0023) It is especially advantageous if with the carrier 
body it is a matter of a highly heat-conductive carrier body 
of as high as possible emissivity, preferably of SiSiC in the 
form of plates. 

(0024) Especially advantageously the heat conductivity 
of the carrier body in the range of the heat treatment 
temperature is at least five times as great as that of the 
glass and/or of the glass-ceramic material to be treated. 

(0025) Besides the method, the invention also makes 
available a device for carrying out the method. The device of 
the invention is characterized in that means are provided for 
the generating of an infrared radiation acting indirectly on 
the glass and/or glass-ceramic materials, which means are 
arranged and designed in such manner that the component of the 
radiation acting indirectly on the glass and/or the glass- 
ceramic material amounts to more than 50% of the total 
radiation output. 

(0026) In a first development of the invention it is 
provided that the means for generating an infrared radiation 
acting indirectly on the glass and/or glass-ceramic materials 
comprise reflectors and/or diffusors for the reflection and 
scattering, respectively, of the infrared radiation. 

(0027) As diffusely back-scattering material there are 
used, for example, ground quarzal plates with a thickness of 
30 mm. for example. 

(0028) Also other materials reflecting or back- 
scattering the IR radiation are possible, for example one or 
more of the following materials: 

A1 2 0 3 ; BaF 2 ; BaTi0 3 ; CaF 2 ; CaTi0 3 ; 
MgO; 3.5 A1 2 0 3 ; MgO, SrF 2 ; Si0 2 ; 
SrTi0 3 ; Ti0 2 ; spinell; cordierite; 
cordierite sinter glass-ceramic 



(0029) If a rapid heating or a slow cooling is sought, 
then it is advantageously provided to accommodate the device 
in a bounded space, especially an IR radiation hollow space. 

(0030) In a special development of the invention it is 
provided that the surface of the walls, of the bases and/or of 
the cover of the bounded space, preferably of the IR radiation 
hollow space, comprises the reflectors or diffusors. 

(0031) One form of execution of the diffusor, for 
example, would be a diffusing screen. 

(0032) It is especially preferred if the reflectors or 
diffusors are designed in such manner that more than 50% of 
the radiation impinging on these surfaces is reflected or 
scattered, respectively. 

(0033) In an alternative form of execution it is 
provided that the means for the generation of indirect 
radiation comprise a carrier body which stands in thermal 
contact with the glass and/or glass-ceramic materials and 
absorbs a share of the indirect infrared radiation. 

(0034) It is especially preferred if the carrier body 
comprises ceramic plates, preferably of SiSiC, and the 
emissivity of the carrier body is greater than 0.5. SiSiC has 
a high heat conductivity as well as a low porosity as well as 
a low adhesive tendency with respect to glass. The low 
porosity has the consequence that only a few undesired 
particles can collect in the pores. For this reason SiSiC is 
especially well suited for working in direct contact with 
glass . 

(0035) In an especially advantageous form of execution 
it is provided that the heat conductivity of the carrier body, 
in the range of the heat treatment temperature, is at least 
five times as great as that of the glass or of the glass- 
ceramic material to be treated. 



(0036) The invention is to be described in the following 
by way of example with the aid of the figures as well as of 
the examples of execution. 

(0037) In the drawings: 

Fig. 1 shows the transmission course with a thickness of 1 
cm of a typical glass material to be heated; 

the Planck curve of the IR radiator used with a 
temperature of 2400 K 

the theoretical construction of a heating 
device with radiation hollow space. 

the remission curve over the wavelength of A1 2 0 3 
Sintox Al of the Morgan Matroc, Troisdorf, with 
a remission degree > 95% in the near-IR 
wavelength range; 

the heating curve of a glass material in a 
heating device comprising diffusors and 
reflectors ; 

the heating curve of a glass material in a 
device with an absorbent carrier body. 

(0038) Fig. 1 shows the transmission curve over the 
wavelength of glass material used for the comparative tests of 
the present invention. The glass material has a thickness of 
10 mm. There is clearly to be recognized the typical 
absorption edge at 2.7 pm, over which the glass or glass- 
ceramic material is opaque, so that the entire impinging 
radiation is absorbed on the surface or in the surface-near 
layers . 



Fig. 2 



Fig. 3A 



Fig. 3B 



Fig. 4 



Fig. 5 



(0039) Fig. 2 shows the intensity distribution of the 
preferably used IR radiation source. The IR radiators used 
are linear halogen IR quartz tube radiators with a nominal 
output of 2000 W at a voltage of 230 V, which have a color 
temperature of 2400 K. The IR radiators, corresponding to 
Wiensch's displacement law, have their radiation maximum at a 
wavelength of 1210 ran. 

(0040) The intensity distribution of the IR radiation 
sources is yielded correspondingly from the Planck function of 
a black body with a temperature of 2400 K. It follows then 
that an appreciable intensity, i.e. an intensity greater than 
5% of the radiation maximum, is released in the wavelength 
range of 500 to 5000 ran, and altogether ca . 75% of the total 
radiation output falls in the wavelength range above 1210 nm. 

(0041) In a first form of execution of the invention 
only the annealing material (Gliihgut) is heated, while the 
environment remains cold. 

(0042) The radiation passing by the annealing material 
is led by reflectors or diffusing scatterers or diffusing 
backscatterers (Ruckstreuer) onto the annealing material. In 
the case of high output densities and preferably of metal 
reflectors, the reflectors are water-cooled, since otherwise 
the reflector material would tarnish. This hazard is present 
especially with aluminum, which, because of its good 
reflecting properties in the IR range, is gladly used for 
radiators, especially for those of great radiation output. 
Alternatively to metal reflectors there can be used diffusely 
backscattering ceramic diffusors or partially reflecting and 
partially backscattering glazed reflectors, especially A1 2 0 2 . 

(0043) A construction in which only the annealing 
material is heated can be used only when, after the heating- 
up, no slow cooling is required which, without insulating 



space, is obtainable with an acceptable homogeneity of 
temperature only with continuous reheating and only with a 
very high expenditure. 

(0044) The advantage of such a construction is, however, 

the easy accessibility of the annealing material, for example 

for grippers (Greifer) which is of great interest especially 
k 

in hot shaping (Heissf ormgebung) . 

(0045) In an alternative form of execution the heating 
device and the annealing material are located in an IR 
radiation hollow space equipped with IR radiators. This 
presumes that the quartz radiators themselves are sufficiently 
temperature stable or are cooled. The quartz glass tube is 
usable up to about 1100°C. It is preferred to make the quartz 
glass tube considerably longer than the heating spiral and to 
lead it out of the heating zone, so that the connections are 
in the cold zone in order not to overheat the electrical 
connections. The quartz glass tubes can be constructed with 
and without coating. 

(0046) In Fig. 3A a form of execution of a heating 
device according to the invention is represented with which 
the execution of the process of the invention is possible, 
without the invention being restricted to this. 

(0047) The heating device shown in Fig. 3A comprises a 
large number of IR radiators 1 which are arranged underneath a 
reflector 3 made of strongly reflecting or diffusely 
backscattering material. By the reflector 3 it is achieved 
that the glass or glass-ceramic material 5 to be heated is 
heated from the upper side. The IR radiation given off from 
the IR radiators penetrates the glass or the glass-ceramic 
material 5 largely transparent in this wavelength range, and 
it impinges upon a carrier plate 7 of strongly reflecting or 
strongly scattering material. Especially well suited for this 
is quartz, which also in the infrared range backscatters 
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approximately 90% of the impinging radiation. Alternatively 
to this there could also be used highly pure, sintered A1 2 0 3 , 
which has a backscattering, i.e. remission degree of 
approximately 98% with adequate thickness. The glass or 
glass-ceramic material 5 is emplaced on the carrier plate 7 
with the aid of, for example, quarzal or Al 2 0 3 strips 9. The 
temperature of the glass or glass-ceramic material underside 
can be measured through a hole 11 in the carrier plate with 
the aid of a pyrometer (not represented) . 

(0048) The walls 10, together with reflector 3 as cover 
and carrier plate 7 as base, with corresponding formation with 
reflecting material, for example quarzal or Al 2 0 3 can form an 
IR radiation hollow space of high quality. 

(0049) Fig. 4 shows the heating curve of a borosilicate 
glass according to a process of the invention, in which the 
glass sample had dimensions of about 1100 mm with a thickness 
of 3 mm. 

(0050) The heating process or the heat treatment took 
place as described in the following: 

The heating of the glass samples occurred first of all in 
an IR radiation hollow space walled-in with quarzal according 
to Fig. 3A, the cover of which was formed by an aluminum 
reflector with IR radiators present under it. The glass 
samples or glass-ceramic bodies were borne in a suitable 
manner on quarzal. 

(0051) In the IR radiation hollow space the glass or the 
glass-ceramic material was irradiated directly by several 
halogen IR radiators, which were located at a distance of 10 
mm to 150 mm over the glass or the glass-ceramic material. 

(0052) The heating-up of the glass or of the glass- 
ceramic material now took place by means of orientation 
(Ansteuerung) of the IR radiators over a thyristor plate on 
the basis of absorption, reflection and scattering processes, 
as thoroughly described in the following: 



(0053) Since the absorption length of the used short 
wave IR radiation in the glass or in the glass-ceramic 
material is very much greater than the dimensions of the 
objects to be heated, the major part of the impinging 
radiation is allowed to pass through the sample. Since, on 
the other hand, the absorbed energy per volume at very point 
of the glass or glass-ceramic body is nearly equal, there is 
achieved a homogeneous heating over the entire volume. In the 
process according to Fig. 4 the IR radiators and the glass 
material to be heated are located in a hollow space, the walls 
and/or cover and/or base of which consist of a material with a 
surface of high reflectivity or high backscattering capacity, 
in which at least a part of the wall, base, and/or cover 
surface scatters back the impinging radiation predominantly 
diffusely. Thereby the predominant part of the radiation is 
let through again into the object to be heated and is again 
partially absorbed. The path of the radiation lest through 
the glass or the glass-ceramic material also in the second 
passage is analogously continued. With this process thee is 
achieved not only a heating homogenous in depth, but also the 
energy expended is clearly better utilized than in the case of 
only a single passage through the glass or the glass-ceramic 
material. It is especially preferred for the process 
described here that at least a part of the wall, base and/or 
cover surface does not reflect the impinging radiation 
directedly (gerichtret) , but is diffusely backscattered . 
Thereby the radiation passes from all directions and under all 
possible angles into the glass or the glass-ceramic material, 
so that the heating simultaneously occurs homogeneously over 
the surface and a depiction of the intensity distribution of 
the radiation source onto the objects to be heated as hitherto 
in the state of the art. 

(0054) Fig. 5 shows the heating curve of the glass 
according to an alternative process according to the invention 
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with absorbent carrier body. The diameter of the glass body 
was 100 mm with a thickness of 10 mm. 

(0055) The heating occurred as described in the 
following: 

First the glass sample outside of the radiation hollow 
space is emplaced on a carrier body of SiSiC with the 
thickness of 5 mm. 

(0056) Thereupon the carrier made of SiSiC is introduced 
into a radiation hollow space surrounded with quarzal. 

(0057) Thereupon the glass or the glass-ceramic material 
is directly irradiated with one or, according to the geometry 
of the glass of or the glass-ceramic material, also with 
several halogen IR radiators which are present in a reflector 
over the glass or the glass-ceramic material at a distance of 
10 mm to 150 mm. 

(0058) The heating-up of the glass or of the glass- 
ceramic material now takes place by the orientation of the IR 
radiators over a thyristor controller (Thyristorsteller ) by a 
combination of direct and indirect heating. 

(0059) Due to the transparency of the glass or of the 
glass-ceramic material a considerable share of the radiation 
output will radiate directly onto the carrier. The black 
SiSiC carrier absorbs nearly the entire radiation and 
distributes it rapidly and homogeneously over the entire 
surface of the carrier. The heat of the carrier is now given 
off likewise homogeneously to the glass or the glass-ceramic 
material and heats this from the underside. This process 
represents in the present process the indirect component of 
the heating-up. 

(0060) The direct contribution to the heating-up is 
subdivided into two components. The first component is 
yielded from the fact that at all wavelengths outside of the 
transparent zone the glass or the glass-ceramic material is 
opaque and therewith the radiation can heat only the surface 
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or surface-near layers. The second contribution to the direct 
heating-up is delivered by the slightly absorbed part of the 
radiation, the wavelength of which lies in a range in which 
the glass or the glass-ceramic material absorbs weakly. This 
component leads to a heating-up of deeper layers of the glass 
or of the glass-ceramic material. 

(0061) The major part of the IR radiation, however, 
penetrates the glass by radiation and results in an indirect 
heating-up over the carrier. Also in this process a high 
temperature homogeneity is achieved over the glass surface and 
in this manner there is avoided a depicting of the radiation 
source onto the glass as in the state of the art. 

(0062) According to the invention the indirect component 
of the heating-up of the glass or of the glass-ceramic 
material in both the processes described in Figs. 4 and 5 
amounts to more than 50%. 

(0063) With the invention there are given for the first 
time processes and devices for the heating or supporting or 
exclusive heating of glass or of glass-ceramic materials which 
ensure a homogeneous heating of the same, have a high energy 
utilization as well as avoiding a depicting of the radiation 
source on the object to be heated. The process and the device 
can be used in a large number of areas of glass processing. 
Only by way of example and not exclusively so, let there be 
listed the following applications of the process of the 
invention : 

the temperature-homogeneous heating-up of glass-ceramic 
blanks in ceramization 

the rapid reheating of glass blanks for a following hot 
shaping 

the homogeneous heating of fiber bundles to drawing 
temperature 

the supporting and exclusive heating in mixture fusing 
the melting and purifying of glass and/or of glass-ceramic 
materials 
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the supporting or exclusive heating in the shaping, 
especially in the drawing, in the rolling, in the casting, in 
the throwing (Schleudern) , in the pressing, in the blowing in 
the blow-blow process, in the blowing in the press-blow 
process, in the blowing in the ribbon process, for the flat- 
glass production as well as in the floating 

- the supporting or exclusive heating in the cooling, in the 
melting, in the thermal solidifying, in the stabilizing or 
fine cooling for the setting-in of a desired fictitious 
temperature, of a desired index of refraction, of a desired 
compaction with subsequent temperature treatment, in the aging 
of thermometer glasses, in the demixing, in the dyeing of 
tarnished glasses, in controlled crystallizing, in diffusion 
treatment, especially chemical solidifying, in reshaping, 
especially lowering, bending, buckling (Verziehen) , blowing, 
in the separating, especially in the melting-off, breaking, 
setting (Schranken) , bursting, in the cutting, in the joining 
as well as in coating. 
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Patent Claims 

1. Process for the homogeneous heating of semi-transparent 
and/or transparent glass articles and/or glass-ceramic 
materials with the aid of infrared radiation, whereby the 
glass articles and/or glass-ceramic materials are 
subjected to a heat treatment in the range from 20°C to 
1705°C. characterized in that the heating is achieved by a 
component of infrared radiation acting directly on the 
glass articles and or the glass-ceramic materials as well 
as a component of infrared radiation acting indirectly on 
the glass articles and/or glass-ceramic materials, in 
which the component of the radiation acting indirectly on 
the glass and/or the glass-ceramic materials amounts to 
more than 50% of the total radiation output. 

2. Process according to claim 1, characterized in that the 
infrared radiation is a shortwave infrared radiation with 
a color temperature higher than 1500 K, especially 
preferably higher than 2000 K, quite preferably higher 
than 2400 K, especially higher than 2700 K, especially 
preferably higher than 3000 K. 

3. Process according to one of claims 1 or 2, characterized 
in that the infrared radiation acting indirectly on the 
glass articles and/or the glass-ceramic material 
comprises a share of reflected and/or scattered 
radiation . 

4. Process according to one of claims 1 to 3, characterized 
in that on the average more than 50% of the total 
radiation output of shortwave infrared radiation given 
off by the IR radiators is not absorbed in the once- 
through (einmaligen) impinging on the glass. 

5. Process according to one of claims 1 to 4 , characterized 
in that the process is carried out in a circumscribed 
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space with walls, base and cover, especially an IR 
radiation hollow space. 

Process according to claim 5, characterized in that the 
reflected and/or scattered infrared radiation is 
reflected and/or scattered by at least a part of the 
wall, base and/or cover surfaces. 

Process according to claim 6, characterized in that the 
component of the infrared radiation reflected and/or 
scattered from the part of the wall, base and/or cover 
surfaces amounts to more than 50% of the radiation 
striking these surfaces. 

Process according to claim 6, characterized in that the 
share of the infrared radiation reflected and/or 
scattered from the part of the wall, base and/or cover 
surfaces amounts to more than 90% or 95%, especially more 
than 98%. 

Process according to one of claims 8 to 8, characterized 
in that the infrared radiation acting indirectly on the 
glass articles and/or glass-ceramic material comprises a 
component of infrared radiation that is absorbed by a 
carrier body, converted into heat and given off to the 
glass and/or glass-ceramic material thermally joined with 
the carrier body. 

Process according to claim 9, characterized in that the 
heat is transferred to the glass thermally joined with 
the carrier body over heat radiation and/or heat 
conduction and/or convection. 

Process according to claim 9 or 10, characterized in that 
as carrier body ceramic plates are used. 

Process according to one of claims 9 to 11, characterized 
in that the carrier bodies comprise SiC, especially 
SiSiC. 
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13. Process according to one of claims 9 to 12, characterized 
in that the emissivity of the carrier body is higher than 
0.5. 

14. Process according to one of claims 9 to 13, characterized 
in that the heat conductivity of the carrier body in the 
range of the heat treatment temperature is at least five 
times as high as that of the glass or of the glass- 
ceramic material to be treated. 

15. Device for the homogeneous heating of semi-transparent 
and/or transparent glass and/or glass-ceramic material, 
especially in the range from 20°C to 3000°, especially in 
the range from 20°C to 1705°C with 

15.1 infrared radiation sources (1) for the emission of 
shortwave infrared radiation; 

15.2 means for the generation of infrared radiation acting 
indirectly on the glass and/or glass-ceramic material, 
characterized in that 

15.3 the means for the generation of infrared radiation acting 
indirectly on the glass articles and/or glass-ceramic 
material are arranged and designed in such manner that 
the component of the radiation acting indirectly on the 
glass or the glass-ceramic material amounts to more than 
50% of the total radiation output. 

16. Device according to claim 15, characterized in that the 
means for the generation of infrared radiation acting 
indirectly on the glass articles and/or glass-ceramic 
material (5) comprise reflectors (3) or diffusors for the 
reflection or scattering of infrared radiation. 

17. Device according to one of claims 15 to 16, characterized 
in that the device comprises a space encircled with 
walls, base and cover, in particular an IR radiation 
hollow space. 

18. Device according to claim 17, characterized in that the 
surface of the walls and/or of the base and/or of the 
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cover of the encircled space comprises the reflectors or 
dif f usors . 

19. Device according to claim 18, characterized in that the 
reflectors or diffusors are designed in such manner that 
more than 50% of the radiation impinging on these 
surfaces is reflected or scattered. 

20. Device according to claim 19, characterized in that the 
reflectors or diffusors are designed in such manner that 
more than 90%, or 95%, respectively, especially more than 
98% of the radiation impinging on these surfaces is 
reflected or scattered. 

21. Device according to one of claims 16 to 20, characterized 
in that the reflectors (3) or diffusors (3) comprise one 
of, or mixtures of, several of the following materials: 

A1 2 0 3 ; BaF 2 ; BaTi0 3 ; CaF 2 ; CaTi0 3 ; 

MgO; 3.5 Al 2 0 3 ; MgO, SrF 2 ; Si0 2 ; 

SrTi0 3 ; Ti0 2 ; quarzal; spinell, 

Cordierite; cordierite sinter glass-ceramic 

22. Device according to one of claims 15 to 21, characterized 
in that the means for the generation of radiation acting 
indirectly on the glass and/or the glass-ceramic material 
comprise a carrier body that stands in thermal contact 
with the glass articles or glass-ceramic material and 
absorbs a component of the indirect infrared radiation. 

23. Device according to claim 22, characterized in that the 
carrier body comprises ceramic plates. 

24. Device according to claim 22 or 23, characterized in that 
the carrier body comprises SiC, especially SiSiC. 

25. Device according to one of claims 22 to 24, characterized 
in that the emissivity of the carrier body is greater 
than 0.5. 

26. Device according to one of claims 22 to 25, characterized 
in that the heat conductivity of the carrier body in the 
range of the heat treatment temperature is at least five 
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times as high as that of the glass or of the glass- 
ceramic material to be treated. 

27. Usage of a device according to one of claims 15 to 26 for 
the rapid, temperature-homogeneous heating-up of glass- 
ceramic blanks in the ceramization. 

28. Usage of a device according to one of claims 15 to 26 for 
the rapid reheating of glass blanks for a subsequent hot 
shaping . 

29. Usage of a device according to one of claims 15 to 26 for 
the countersinking (Absenken) of glass articles and/or 
glass-ceramic material. 

30. Usage of a device according to one of claims 15 to 26 as 
a fiber-drawing furnace ( Faserziehof en) for the 
homogeneous heating of fiber bundles to drawing 
temperature . 

31. Usage of a device according to one of claims 15 to 26 for 
the supporting and exclusive heating in the mixture 
meltdown (Gemengeeinschmelzung) . 

32. Usage of a device according to one of claims 15 to 26 for 
the purifying melting of glass articles and/or glass- 
ceramic material. 

33. Usage of a device according to one of claims 15 to 26 for 
the supportive or exclusive heating in the shaping, 
especially in the drawing, in the rolling, in the 
casting, in the throwing, in the pressing, in the blowing 
in the blow-blow process, in the blowing in the press- 
blow process, in the blowing in the ribbon process 
(Ribbon-Verf ahren) , for flat glass production as well as 
in the floating. 

34. Usage of a device according to one of claims 15 to 26, 
for the supportive or exclusive heating in the cooling, 
in the melting, in the thermal solidification, in the 
stabilizing or fine cooling for the setting-in of a 
desired fictitious temperatures, of a desired index of 
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refraction, of a desired compaction with subsequent 
temperature treatment, in the aging of thermometer 
glasses, in the demixing (Entmischen) , in the dyeing of 
tarnished glass, in the controlled crystallizing, in the 
diffusion treatment, in particular chemical solidifying, 
in the reshaping, in particular countersinking, bending, 
drawing, blowing, in the separating, especially melting- 
of f , breaking, setting (Schranken) , bursting, in the 
cutting, in the joining as well as in the coating. 
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German Language Declaration 



Als nachstehend benannter Erfinder erklSre ich hiermit an Eides 
Start: 

daB mein Wohnsitz, meine Postanschrift und meine 
Staatsangehorigkeit den im nacbstehenden nach meinem Namen 
aufgefllhrten Angaben entsprechen, dafl ich nach bestem Wissen 
der ursprtlnghche, erste und alleinige Erfinder (fells nachstehend 
our ein Name angegeben ist) oder ei» ursprttnglicher, erster und 
Miterfinder (falls nachstehend mefarere Namen aufgefilhrt aind) 
des Gegenstandes bin, fur den dieser Antrag gestellt wird und ftir 
den ein Patent ftir die Erfindung mit folgendem Titel beantragt 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on die invention entitled: 

METHOD AND DEVICE FOR THE HOMOGENEOUS HEATING 
OF GLASS AND/OR GLASS-CERAMIC ARTfCLES USING 
INRARED RADIATION 



derai Beschreibung hier beigefftgt ist, es sei denn (in diesem Falle 
Zutreffendes bitte ankreuzen), diese Erfindung 

□ . fi wurde angemeldet am _________ 

unter der US-Anmeldenummer oder unter der 
3jL Internationalea Anmc] denununer im R___en des 
~ 7 Vertrags tlber die Zusammenarbeit auf dem Gebiet dss 

Patentwesens (PCT) und am 

FU abgeandert (falls 

:f; zutrefiend). 



the specification of which is attached hereto unless the following 
box is checked: 

IS was filed on March 22, 2000 

as United States Application Number or PCT 
International Application Number PCT/EPOQ/02507 

and was amended on _ 

(if applicable). 



Ich bestatige hiemjit dan ich den Inhait der oben angegebenen 
Patentanmeldung, einschliefllich der AnsprOche, die eveutuell 
durch einen oben erwahnten Zusatzantrag abgeandert wurde, 
durchgesehen und verstanden habe. 



I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



Ich erkenne meine Pflicht sew Offenbarung jeglicher 
Informationen an, die zur Prflfung der Patentfahigkeit in Einklang 
mit Titel 37, Code of Federal Regulations, § 1.56 von Belang sind. 



I acknowledge the duty to disclose information which is material 
to patentabihty as defined in Tide 37, Code of Federal 
Regulations, § 1.56. 
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Patents. Washington. DC 20231. 
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German Language Declaration 



Ich beanspruchc biennii ausliSndische Prioritatsvorteile gemae Title 3S, 
US-Code, § 119 (aH<0. bw- § 365(b) aller unten aufgefilhrten 
Auslandsanmcldungcn fUr Paientc odcr Erfindorurkunden, Oder § 365(a) 
aller PCT mtematiOnaJcn Anmcldungcn, wclchc wemgStcns eia Land 
ausser den Vereinigten Stamen von America benennea und habe 
nachstehend durch ankrwzen samtliche Auglands-" "anmeldungen fur 
Patcntc bzw. Erftndcrurkunden oder,PCT~Internalionale Anmeldungen 
angegeben, derea Anmeldetag denr der Anmeldung, fUr welche Prioritat 
beansprucht wird, vorangchr. 



I hereby claim foreign priority under Title 35, United States Code, 
§U9(a)-(d) or § 365(b) or any foreign application^) for patent or 
inventor's certificate, or § 365(a) of any PCT International application 
which designated at least one country other than the United Stales, listed 
below and have also identified below, by checking the box, any foreign 
application for patent or inventor's certificate, or PCT Intranational 
application having a filing date before that of the application on which 
priority is claimed. 



Prior Foreign Applications 
(Frtlhere auslandisehe Anmeldungen) 



299 OS 385.7 
(Number) 
(Hummer) 



Germany 

(Country) 



23 March 1399 



Priority Not Claimed 
-Prioritat nicht beanspruchi 



Ich beanspruchc hiermit PrioritStsvorteue untcr Title 35, US-Code, 
§ 1 19(e) aller US-Hilfsanmeldungen wie unten aufgezahlt. 



(Filing Date) 
(Anmcldctag) 



I hereby claim the benefit under Title 35, United States Code, 

§ 1 19(e) of any United States provisional applicarion(s) listed below. 



~ (Application No.) (Filing Date) 

rgUrtenzeichen) (Anrueldetag) 
IkM beanspruche hiermit die mir untcr Title 35, US-Code, § 120 
z&aehenden Vorteile aller unten aufgefilhrten US-Patcntanmeldungen 
hsw. . § 365(c) aller PCT internationalen Anmeldungen, welche die 
\|e|B«ugten Staaten von Amenka benennen, und erkenne, insafera der 
Gergenstand eines jeden fruheren Anspruchs dieser Patentanmeldung 
nfetit in cincr US-Paten tanmeldung, bzw. PCT international en 
Anmeldung in in cincr gemaB dan crsten Absatz von Title 35, US-Code, 
§ = 112 vorgesehriebenen Art and Weise offenbart wurde, meine Pflicht 
2air' : Ofitnbarung jcglichcr Informalionea an, die zur Prufung der 
P|g»itfahigkett in Einldang mit Title 37, Code of Federal Regulations..... .. 

§: ? }.56 von Belang sind und die im Zeitraurn zwischen dem Anin^iU-.nf^ 
deli fruheren Patentanmeldung und dem natinnalcn odcr im Rahmcn des.. 
V«3jtrags ttber die Zusammenarbeit auf dem Gebiet des Patentwescn 
(ECT) gttltigea intcmationalen Aaraeldetags bekannt geworden sind. 



I hereby claim the benefit under Title 35, United Stares Code, § 120 of any 
United States applications), or § 36S(c) of any PCT International 
application designating the United States, listed below and, Insofar as the 
subject matter of each of the claims of this application is not disclosed in 
the prior United States or PCT International application in the manner 
provided by the first paragraph of Title 35, United States Code, § 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, § 1.56 
which became available between the filing date of the prior application and 
the national or PCT International filing date of this application. 



22 March 2000 



(Application No.) (Filing Date) 

( Al rt e n rei chen) (Annielder&g) 

Ich erklare hiermit, dafi alle in der varliegenden Erklarung von mir 
gemochtea Angaben nacb bestem Wissen und Gewisscn der Wahrheit 
entsprechen. und femer dafi ich' diese eidesstattliche Erklarung in 
Kcnntnis dessen ablcgc, dafl wissentlich und vorsatzlich falsche Angaben 
oder dergleichen gemaB § 1001, Title IS des US-Code strafbar sind und 
mit Geldstrafe und/oder Gefangnis bestraft werden kilnnen und dafl 
derartige wisscntlich und vorsatzlich falsche Angaben die 
Rcchtswirksamkcit der vorliegenden Patentanmeldung Oder ernes 
aufgrund deren czteilten Patentos ge&hrdcn kCnnen. 



(Status) (patented, ponding, abandoned) 
(Status) (patcnticn. scJhwebend. aufgegeben) 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 
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VTERTRETUNGSVOLMA.CHT: Als benannter Erfinder 
beauftrage ich hiermit den (die) nachstehend ^nfgcfuhrten 
Patentanwalt (PatentaawSiItc) und/oder Vertreter mit der 
Vertblgung der vorliegenden Patentanmeldung sawie mit der 
Abwicklung aller dam it verbundenen Angelegenheiten vor 
dem US-Patent-und Markenamt: (Namefn) und 
Registrationsnummer(n) auflisten) 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attomey(s) and/or agent(s) to prosecute 
this application and transact ail business in the Patent and 
Trademark Office connected therewith: (list name and 
registration number) 



Telefonisciie AuskOnfte: (Name und Telefoi 



John F. Hoffman, Rtgia. No. 26,280; Anthony Niewyfc, Regis. No. 24.871: 
Michael O. Smith, Regis. No. 40,181; Michael S. Gzybowski, Regis. No. 32,816; Michael D. 
Schwartz, Regis No. 44,326; Adam F. Coat, Rtfiis No. 46,644; Abigail M. BuUer, Regis. No. 
J"-48,238, Thomas A. Adams, Reels. No. P -48,230; and Kixnberly J. Paulus. Regis. No. 
48,358; all of BAKER & DANIELS, 1 1 1 Edst Wayne Street, Suite 800, Fort Wayne, 
Indiana 46802, all of BAKER & DANIELS, 111 East Wayne Sb-cet, Suite 800, Fort 

Wayne, IN 46802 

Send Correspondence to: 

John F- Hoffman, BAKER & DANIELS 



Direct Telephone Calls to: (name and telephone n 
John F. Hoffman 



Vor- und Zuname des einzigeo Oder era ten Erfraders |^ 


J Full name of sole or first inventor 1 
Utrich Pothering ham- — 


Unterschrift des Erfinders Datum """" 


Inventor's^signature,. / Date 

l#ftcfi&f^*f ssUq It. 4 


\ Wohnsitz 


Residence _|L 

Wiesbaden. Germany ( /jgj)/ \ 


1 Staatsangehdrigkeit 


Citizenship ~ ' \ 

German | 


Postansehrift 


Post Office Address 
Majoranweq 30 
D-65191 Wiesbaden 
GERMANY 


= Vor- und Zuname des zweiten Miterfinders (falls zutrefiend) ^ Mj 

■ 'X 


Full name of second joint inventor, if any 
JHauke Esemann 


■-■ Unterschrift des zweiten Erfinders Datum 


Second Inventor's signature Date 


k Wobnsitz 


Residence — \~ | 
Worrstadt. German^ ^ ]/ 


Staatsangehflrigkeit 


Citizenship n/_>Es^ f - — 
German 


Postansehrift 


Post Office Address 
NeubomatraBse 12 
0-55286 Wfiarstadt 
GERMANY 



(Im Falle dritter und weiterer Miterfinder Miterfinder shid die (Supply similar information and signature for third and 

entsprechenden Informationen und Unt^schriften subsequent joint inventors.) 

hinzuzufugen.) 
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Markus Garsche-AnHrei 



Full Name of Third Inventor 
InventorVSignature Date 



StadeckeTi-Elsheira, Germany 



Residence 
Germa n 



Citizenship 
Miihlstrasse 29 



D-55271 Stadecken-EIshetm. Germany 



Post Office Address 
Bernd .flQppe 



Full Name of Fourth Inventor 

Inventor's Signature Date 



Ingelhenn, Germany 



Citizenship 
Mainzer Strasse 52A 



D-55218 Ingelheim., Germany 



Post Office Address 




JiiasBrinkmai 



Full Name' of Fifth Inventor 

Inventor's Signature Date 

Klein- Wmternheim. Germany V J^tZ^^ 
Residence 1 

German 

Citizenship 

Am Bohrgrund 4 

D-S527Q__Klein-Winternheiin, Germany 

Post Office Address 



4 Of 5 



b-0 

Norbert G^ijl^-Hickmanri __ 
Tull Name of" Sixth Inventor 

Mainz Germany 
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